ABSTRACT. The genus Juniperus L. (Cupressaceae), an aromatic evergreen plant, consists of up to 68 species around the world. We classified five species of Juniperus found in Iran using molecular markers to provide a means for molecular identification of Iranian species. Plants were collected (three samples of each species) from two different provinces of Iran (Golestan and East Azarbayejan). The DNA was extracted from the leaves using a Qiagen Dneasy Plant Mini Kit. Amplification was performed using 18 ten-mer RAPD primers. Genetic distances were estimated based on 187 RAPD bands to construct a dendrogram by means of unweighted pair group method of arithmetic means. It was found that J. communis and J. oblonga were differentiated from the other species. Genetic distance values ranged from 0.19 (J. communis and J. oblonga) to 0.68 (J. communis and J. excelsa). Juniperus foetidissima was found to be most similar to J. sabina. Juniperus excelsa subspecies excelsa and J. excelsa subspecies polycarpos formed a distinct group.
INTRODUCTION
The genus Juniperus L. (Cupressaceae) consists of up to 68 species around the world. It is an aromatic, drought-resistant plant that is found in mountainous parts of the northern hemisphere (altitude: 500-3000 m) except for some species in Africa (Adams and Pandey, 2003) .
The Juniperus species of Iran mainly consist of five species with two vegetation forms (tree or shrub): J. communis L., J. oblonga M.B., J. sabina L., J. foetidissima Willd., and J. excelsa M.B. with two subspecies namely J. excelsa M.B. subspecies excelsa and J. excelsa M.B. subspecies polycarpos (K. Koch) Takhtajan. They are widely spread evergreen plants that grow in several provinces of Iran (Khorasan, Golestan, Semnan, Mazandaran, Gilan, Azarbayejan, Ardabil, Fars, Yazd, Kerman, and Hormozgan) . In Iran the key character separating J. communis from other species is the morphological characterization. It is a shrub, 2.2 m tall, multistemmed, decumbent, crown generally depressed, altitude 2063 m. J. oblonga is a shrub to small tree, 1-4 m, decumbent-upright, growing in East Azarbayejan Province, altitude 1500 m. This seems to imply that these species possess similarities, although they grow in distinct regions. J. sabina is a shrub, 2-3 m, prostrate, growing in Golestan Province, altitude 2050 m. J. foetidissima is a tree, up to 16 m, growing in East Azarbayejan Province, altitude 1400 m. J. excelsa subspecies excelsa is a monoecious plant with taxonomic problems in Iran. J. excelsa subspecies polycarpos is a tree, up to 25 m, growing in different parts of Iran, altitude 500-3000 m (Emami et al., 2007) . DNA fingerprinting studies were used alone or together with the leaf volatile oils for Juniperus classification (Adams, 2000a,b,c; ). An isoenzyme analysis was performed on 109 individuals from 11 populations of J. excelsa complex collected from Iran (Hojjati et al., 2009) . Random amplified polymorphic DNA (RAPD) markers have also been used to assess differences among Juniper and Cedar cultivars (Hsiang and Huang, 2000) .
The objective of the present study was to investigate the ability of RAPD markers to cluster 5 species of Juniperus from Iran.
MATERIAL AND METHODS

Plant material
Plant materials were obtained from their main local growth area of Golestan and East Azarbayejan Provinces (Table 1) . Fresh leaves were preserved at -80°C using an ultra-low freezer until DNA extraction. Voucher specimens were deposited in the Ferdowsi University of Mashhad Herbarium (FUMH). 
DNA extraction and polymerase chain reaction (PCR)
Genomic DNA was extracted from the leaves using the Qiagen Dneasy Plant Mini Kit (Qiagen, Germany). Extracted DNA was quantified by spectrophotometer (Nanodrop ND-1000, USA), at an absorbance level of 260/280 nm. The quality was further checked on 0.8% agarose gel.
Ten-mer primers were purchased from Microsynth (Switzerland). Sequence information for the primers is presented in Table 2 .
PCR was performed in a volume of 15 µL containing 50 mM Tris-HCl, pH 9, 2.0 mM MgCl 2 , 0.01% gelatin and 0.1% Triton X-100, 0.2 mM of each dNTP, 0.36 µM of each primer, 0.3 ng genomic DNA, 15 ng BSA and 0.6 U Taq DNA polymerase (Fermentas, Germany). A control PCR tube containing all components, but no genomic DNA, was performed with each primer to check for contamination. DNA amplification was performed in a Programmable Thermal Cycler (Techne Research Inc., UK). The thermal cycle included: 94°C (1.5 min) for initial strand separation, then 40 cycles of 38°C (2 min), 72°C (2 min), 91°C (1 min). Two additional steps were used: 38°C (2 min) and 72°C (5 min) for final extension (Asili et al., 2010) . Amplification products were loaded onto 1% agarose gels (Sigma, Germany). DNA ladder (100 bp; Fermentas, Germany) was loaded on the last lane of each gel.
The presence or absence of each band was scored as 1 or 0, respectively. Bands that were inconsistent in replicate analyses were not scored. Bands that occurred once or did not show fidelity within the two samples of each taxon were eliminated. Binary matrix was used to estimate genetic similarities and distances between pairs, by employing Dice index (Nei and Li, 1979) . These similarity coefficients were used to generate a dendrogram by means of the unweighted pair group method of arithmetic means (UPGMA).
RESULTS AND DISCUSSION
One hundred and eighty-seven RAPD bands were detected (Figure 1) . The analysis of the RAPD bands were generated by 18 random primers and yielded an average of 10.3 bands/primer. Genetic similarities among five Juniperus species using RAPD primers are presented in Table 3 . tered with J. sabina. J. excelsa closely clustered with J. polycarpos (Adams, 1999) . J. communis and its varieties have been studied. One of them was J. communis var. oblonga collected from Lake Sevan, Armenia. Based on 191 RAPD bands, they found that there was little evidence to support the recognition of J. communis var. oblonga (Adams and Pandey, 2003) . Adams (1999) explained that the most surprising aspect of his research has been the divergences of morphologically near-identical taxa in their terpenoids and DNA fingerprints. He showed that even species separated by minute morphological character differences possess considerable terpenoid and DNA differences, which suggest that evolution proceeds at different rates for different character sets. The use of multiple character sets seems prudent in Juniperus taxonomy and evolutionary studies (Adams, 1999) .
It seems that this study is the first complete research on Iranian Juniperus species DNA fingerprinting. The authors believe that further studies need to be based on geographic variation of Juniperus in Iran.
